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(57) ABSTRACT 

A software programmable fuse cell which reduces or elimi- 
nates static power consumption is disclosed. The program- 
mable fuse cell Includes programmable aud nuo- 
pfogrammablc operating modes. Depending nn the 
operating mode, the fuse cell output i* dctcrtukietl by the 
actual state of tbo fuse or which fuse state the fuse cell is 
simulating. To reduce static power consumption, s Jalcb is 
used lo store the actual or simulated fuse state, 

21 Claims, 6 Drawing Sheets 
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ZERO STATIC POWER PROGRAMMABLE the invention. The software programmable fuse cell com- 

FUSE CEU. FOK INTEGRATED CIRCUITS prises input terminal* 265 for receiving control Input 

signals, an output terminal 160. a control circuit 270, a fuse 

FIELD OF THE INVENTION circuit 210, a software fusing circuit 280, and a latch 240. 

tl m TW ^„, • nt j nn —i.*.,- „™-n«, i*.4 M « At +.t 5 in P ut terminals are coupled to the control circuit and the 

used in ICS circuit, and software fusing circuit are coupled to the control 

circuit. 

BACKGROUND OF THE INVENTION la ouc embodiment, the control circuit i a clud«s an im- 

Fuse colls are widely used in integrated circuits. As an a0 tializatioo circuit which sets the latch to a know n final slate 

example, fuse cells Can be used to store addressing mtnr- ( c . g . t a logic i) w hcn activated, such as during system power 

matinn of defective memory cells in an array for redundancy U p. when the fuse cell is initialized, the fuse and software 

applications. FIO.1 shows a conventional f\>sc cell 101. The programmable fuse circuitry can be decoupled from the 

fuse ceU typically includes a fuse 110 coupled between a UtcQ tbe ^ has ^ inWttli7cd ^ fa^ can operate 

pull-lip. circuit 105 which represents^ logic 1) and 15 ifJ ^ QT ^ opcrAl5n g (programmable or non- 

f £ '^"rT C,r ^ ,r m S° * ' 2**? ******** » programmable) as determmcd by the control input signals, 

logic 0). Depending on the state of the fuse (cut or uncut), P ™T ™" / ™ y , p , . 

the fuse cell generates a fuse cell output signal at a fuse cell Generally, the initialisation circuit is decoupled from the 

output terminal 160 which is commonly cnupled tn the fuse Iateh whcn d» fuse cell is operating in either the program - 

and pull'Up power source. As illustrated, the pull-down M mable or a on -programmable mode. In the uon- 

eircuit is decoupled from Ihc power-up circuit when the fuse programmable mode, the fuse is coupled to the ialch. Tbe 

is cut, producing a logic 1 ruse cell output signal On the latch either remains in the first known state or switches to a 

other hand, an uncut fuse couples the output terminal to' the second stale, depending on whether the fuse is cut or uncut, 

pull-down circuit, thus generating a logic 0 output signal. In one embodiment, a cut fuse causes the latch to remain in 

In the event the fuse is uncut, a current path exists tbe first stale (e.g., logic 1) while an uncut fuse switches the 

between toe power up and power-down circuits. As a result, latch tn the second slate (e.g., logic 0). When the fuse is 

power dissipates from the power up circuit to ground when Operating ill the programmable mode, the software fuse 

the fuse is uncut This leads to an increase in power circuitry is activated to simulate either a cut or an uncut fuse 

COdSUmptiOn, particularly since OOC of Ibe design goals is lo state. The software programmable fuse circuitry, for 

minimize the need to cut fuses in the IC. For low power or example, causes the latch lo remain in the first state when 

portable applications, particularly, the increased power con- simulating, a cut fuse and switches to the second state when 

sumption is undesirable and, in some Cases, unacceptable. simulating an uncut fuse. The. latch is selectively switched 

As evidenced from the above discussion, it is desirable to between first and second states depending on the fuse state 

provide on improved fuse evil with reduced or no static to be simulated. 

power dissipation. 35 In one embodiment, the initialization circuit can be used 

SUMMARY OF THE INVENTION 10 S" 11 "^ 10 mc wsc stpto indicated by the latch being in the 

first slate (e.g., simulating a cut fuse stale) while the soft- 

The invention relates generally to fuse cells. In particular, warc fuse circuitry can he coupled to the latch lo switch the 

the invention relates to software programmable fuses having j atch f rafn the first to the second state lo simulate the fuse 

reduced or no static power consumption. In one slate indicated by the tetcb being in the second state (e.g., 

embodiment, the fuse cell includes a control circuit, a fuse w simulating an uncut luse state). Such application takes 

circuit, a software fuse circuit, and a latch. The control advantage of the existing initialization circuitry in the pro- 

curcuil is coupled tu the latch, fuse cirvuil and sollware Tuse jjramraable mode. Altcroa lively, the software programmable 

circuit. In response to fuse cell input signals, the control ft^ circuitry can selectively switch the latch between first 

circuit causes the fuse cell to operate in cither a first or and second slates depending on the fuse stale lo be simu- 

second operating mode. In the first operating mode, tbe 45 

control cirvmt couples the latch to the fuse circuit, enabling mQ 3 a programmable ruse cell in 

the latch to store tbe tu*c state. In the second operating accoT dance with one embodiment of the invention. The fuse 

mode, the control Circuit couples the latch to the software cell ^p^ mput tenninals 3o5o^ for receiving input 

ftjse circuit. Depending on the mse state to be simulated, the j ^ ^ „ ^ lerrniaal 160 , a a^ol circuit 270, 

latch is ui a first logic state or a second logic state. » a ^ ^ 210f a ^ oftwarc progTarrirna ble fuse circuitry 

In another embodiment, die control circuit further com* ^80, and a latch 240. The input terminals are coupled to the 

prises an initialization circuit. During power up, for TOatfol circuit and lhc output terminal is coupled to the latch, 

example, an active initialization signal is generated. ITie ^ |atah> ^ cimdu afid Mftwafe programmable RISC 

active initialization signal couples tbe initialization circuit lo circuitry arc coupled to the control circuit 

*» l?? h ? ta ^ 1 ^J^?*^ k ^^^? As shown in FIG. 3. the latch includes first (input) and 

latch has beea initialized, the fuse cell operates in either the RBCOJjd ( } ta[cfa lcmsba}a M ^ m commonly 

first or second operating mode. coupled to first and second inverters 345 and 346 tadMO- 

BRIEF DESCRIPTION OF THE DRAWINGS back. Other types of latches are also useful. The first and 

FIG. 1 shows a conventional fuse cell; and *o second latch terminals arc coupled to the control circuit. 

PIGS. 2-7 show fuse cells in accordance with various Tn* ^^1 circuit comprises first, second, and third 

embodiments of the invention, switch transistors 371, 373, and 37S. The switch transistors 

Selectively couple and decouple the initialization, fuse, and 

PREFERRED EMBODIMENTS OF THE software programmable fuse circuits 320, 2111, and 2KU tn 

INVENTION c$ thc | atcn depending on the mode of operation. The switch 

FlCr. 2 shows a block diagram of a software program- transistors, for example, are n-FETs. Other types of 

tmble fuse cell 201 in accordance with one embodiment of transistors, such as p-PE'is or a combination of n-FETs and 
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p-FKTS are OlSO useful. The Iran sis lorx are switched on Of off 
(conductive Of non-conductive) Lo couple or decouple the 
respective circuits to the latch. 

la one embodiment, the Orel transistor couples the initial- 
ization circuit to the first latch terminal and the second and 
third transistors respectively couple the fuse and software 
programmable circuits to the second latcb terminal. The 
in id action and software programmable fuse circuits each 

comprises a pull-down circuit (321 or 381.) find the fuse 
circuit comprises a fuse 110 coupled to a pull-down circuit iO 
106. A ground or a logic 0 can be used to servo as a 
pull-down circuit. 

Itic switch transistors axo selectively switched on or off 
depending on the mode of operation. Tabic 1 shows the 
states or the first, second, and third transistors (Tl. T2. and 35 
T3) for the different fuse cell modes in accordance with one 
embodiment of the invention. 

TABLE 1 



25 



(init), mode (I), enable software fuse circuitry (sfq), and 
simulated fuse slate (d). The input signals are provided to a 
control logic 360 having output terminals respectively 
coupled to the gates of the transistors. The control logic 
generates output signals at the output terminals in response 

to the input Signals to control the Operation of the transistors 
in the different operating modes. Table 2 shows the input 
signals and corresponding operating mode in accordance 
with one embodiment of the invention. 

TABLE 2 
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As shown by Tabic T, tho first transistor is switched on 
while the second and third transistors are switch off to 
initialise the fuse ceil. This couples the poll -down circuit to 
the latch, setting the second latch terminal to equal to a logic 
1. After initialization, the fuse cell can operate in ctber the 
nun-programmable or programmable mode. 

In the non-programmable made, the first arid third tran- 
sistors are switched off and the second transistor is switched 
On. This decouples the initialization and software program- 
mable fuse circuits from the latch while coupling the fuse 
circuit to the latch. A cut fuse severs the pull-dawn circuit 

from second latch terminal, allowing ir to remain in the first 
logic state. On the other hand, an uncut fuse couples the 
pull-down cfrcuit to the second latch terminal, pulling it 
down to a logic 0. 

In the programmable mode, tho third transistor is 

switched On or off depending on whether the fuse cell is 
simulating a cut or an uncut fuse state. Tb simulate an uncut 
fuse state, the third transistor is switched on. This couples 
the pull-down circuit 381 to the latch, causing the second 
latch terminal to be pull-down to a logic 0. Simulating a cut 
fuse state is achieved by switching Off the third transistor to 
allow the latch to remain in the first State (logic 1). 

In one embodiment, the latch Can be switched between the 
first and second states in tho programme bio mode by Utiliz- 
ing the inirializarton and software fuse circuits. The initial- 
ization and software fuse circuits operate in me push-pull 
configuration in the programmable mode. For example, to 
Simulate a cut fuse state, the first transistor is on while the 
third is off. Simulating an uncut fuse state can be accom- 
plished by switching tra the third transistor and switching off 
the first one. 

In one embodiment, the first and second transistors arc 60 inactive). 



As shown, the input control signals except fur t are active 
low signals. The fuse cell is Initialized by providing an 

active init (logic 0) and an inactive siq signal (logic 1). 
Providing inactive init, t, and sfq signals causes the control 
circuit to operate the fuse cell in the non-programmable 
mode. To operate the fuse cell in the programmable mode, 
an Inactive inft and active stq and t signals are provided. If 
a cut fuse In to be simulated in the programmable mode, the 
d signal is active. On the other hand, an inactive d signal 
causes the ruse cell to simulate an uncut fuse. 

The control circuit includes control logic 360 to perform 
the desired function specified by the tables. As shown in 
FIG. 3, the control logic comprises initialization, frsc, and 
software programmable fuse control circuitry 361, 362, and 
363. 

In one embodiment, the initialization control circuitry 
comprises first and second nand gates 331 and 332. The nand 
gales include Hist and seCuud input terminals and an Output 
terminal. One input terminal of the first nand gate receives 
the init signal while the other receives the output signal from 
the second nand gate which receives the t and inverted d 
input signals. An inverter 335 is provided to invert the d 
signal lo the second nand gate. The first nand gate's output 
terminal is coupled lo the gale of the first transistor. When 

so the init signal is active (logic 0), the initialization control 
circuitry generates an active output signal (logic 1) to switch 
on the first transistor, irrespective of the value of t and d 
signals- Providing inactive init and t signals causes the 
initialization control circuitry to generate an inactive (logic 
0) output signal, switching off the first transistor. If an active 
t and inactive init signals are present, the output of the 
initialization control circuitry will depend on the d signal 
(e.g., active output signal (logic 1) is generated if ri is active 
and inactive output signal (logic 0) is generated if d is 



4* 



55 



configured to operate in a push-pull fashion, fly opcratiag 
the first and second transistors in such a manner, either the 
initialization or fuse circuit is coupled to the latch at one 
time, ihas ensures that the first and second latch terminals 
arc not in conflict. 

The fuse cell, in one embodiment, receives the following 
input control signals at the input terminals: initialization 



The fuse control circuitry comprises an inverter 336 to 
invert the output of the initialization control block. The 
output of the inverter is coupled to the gale of the second 
transistor, thus ensuring that the first and second transistors 
operate in a push-pull configuration, Ihc software fuse 
control circuitry comprises a nor gate 338 which receives the 
sfq and inverted d signals. The output terminal of the nor 
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gate is coupled 10 the third transistor. When sfq is active, the What is claimed is: 

output of the nor gate depends un the slate of the d signed. I. A software programmable fasc cell comprising- 

third Iranxisinr; active d and sfq signals cause the nor gale lo < "finals, 

generate an inactive output signal to switch off the third a 6156 ceU untput terminal; 

transistor, a control circuit coupled to the fuse cell input terminals: 

In one embodiment, an output stage 380 is coupled a fuse circuit coupled 10 the control circuit, the fuse circuit 

between thesccond terminal of the latch and fuse cell output comprises a fuse having a first or a second fuse state: 

» a -S3-* — • *• 

alternative embodiment, as shown in FIG. 4, the capacitor circuit, 

comprises a Cm us capacitor such as a p-FET. The capacitor a lMch C0U P klJ lo ^ rusc 4x11 out P u t tcrmina I and the 

serves to stabilize the fuse cell output from glitches. An control circuit, the latch having a first or a second latch 

inverter 382 may optionally be provided to switch the logic ftatc causing a fuse Output signal at the fuse cell output 

Of the fuse cell output signal, 15 terminal to have a first or second output State, the first 

HO. 3 shows the generation of sfq signal in accordance or second output state indicative o£ the fuse having 

with one embodiment of the invention. The sfq signal is either the ^ sX or So<Mad W sU^l and 

derived from the init and t Signals. In one embodiment, sfiq ^ response lo the fuse input control signals at the fuse cell 

signal is active (logic 0) when init is deactivated (logic l) input terminals, the control circuit causes the fuse cell 

and t is activated (logic 1). In one embodiment, the sfq signal *° to be in an initialization, first or second mode of the 

is derived by providing the init and t signals to a naod gate fuse cell operation, wherein 

510. First and second inverters may be provided to serve as in trjc initialization mode, the control circuit initializes 

a buner for the output of the nand gate. the latch to the first latch state, 

no. 6 shows a fuse cell 601 in accordance with another thc Gl5t modo » control circuit couples the fuse 

embodiment Of the invention. The fuse cell, as Shown, circuit to the latch, Causing the latch to be in one of 

provides a valid fuse cell output during initialization. During firRt or second latch state depending on the fuse 

initialization, either the fuse (non-programmable mode) or . state i ^ 

software fuse circuit (programmable mode) is coupled lo the m lbc SCCDTld mode, thc control circuit and the software 

latch by providing the necessary input control signals (c,g„ . ft programmable fuse circuit cause the latch lo be in the 

I, sfiq, and d) to the control circuit. The fuse cell output 0r second stale depending on thc input signals, 

depends on the state of the fuse in the uou-programmahle 2 - software programmable fuse cell of claim 1 

mode or me state of the mse lo he simulated in the wherein the control circuit comprises an initialization 

programmable mode. In one embodiment, the fuse circuit is circuit, the control circuit couples initialization circuit to the 

coupled to the latch during power-Up imtializalion. After ~ ,atcn ilJ tD ° initialization mode. 

initialization, the fuse cell operates in normal operating 3 « The software programmable fuse cell of claim 2 

modes (e.g., programmable or non-programmable) as pre- wherein Ibe initialization circuit comprises an initialization 

viously described. reference voltage. 

The control circuit 670 is similar lo the control circuit 270 4 ' 1130 soflware programmable fuse ceil of claim 3 

of FIG. 3 except that the inverted output signal from the ^ wb< ™ n ^ totalization reference voltage comprises 

initialization control block 361 is coupled la the enable Input ^ f0 J , ~: 

Of the second lalch inverter 344. As a result, the second latch 5 - J** programmable fuse cell of claim 2 

inverter is deactivated during initialization In sever the feed wherein: 

back path between the second and first latch terminals. This the software programmable fuse circuit comprises a soft- 
prevents potential contention between the latch terminals in 45 warc fiwc reference voltage; and 
the event that the fuse is uncut, thc fuse circuit comprises a fuse reference voltage, the 
A resistor 648 can be commonly coupled to the inverters fuse is coupled lo thc fuse reference voltage in the first 
(eg., output terminal of the ft rat inverter and input terminal 81810 *°d decoupled from the fuse reference volt- 
of the Second inverter) and thc second latch terminal. The age in the second fuse stale. 

resistor serves to reduce power dissipation during initializa- so The software programmable fuse cell Of claim 5 

lion if the fuse is UUCul. In an ailernadvc embodiment, the wherein thc fuse reference voltage comprises ground, 

re sisto r can be implemented using a transistor 748 such as a 7 - T* 10 "Ottwarc programmable fuse cell of claim 5 

p-FET, as shown in FTCj. 7. wherein (he software fuse reference voltage comprises 

An optional Output stage, as described in FIGS. 3 and 4, ground, 

may be provided between the second terminal of the latch ss P c sofrware programmable fuse cell of claim 5 

and thc ruse cell output terminal. Alternatively, as shown in wherein the fuse reference and software fuse reference 

FIG. 6, one terminal of capacitor is commonly coupled to the voltages comprise ground. 

resistor and hist inverter of the latch while the other terminal J* 1 * software programmable ftisecell of claim 2 

is coupled lo ground. wherein; 

'While the invention has been particularly shown and eo ^ initialisation circuit comprises an initialization refer- 

d escribed with reference to va rious embodiments, it will be CT * X voltage; 

recognized by those skilled in the art that modifications and tho software programmable fuse circuit comprises a soft- 

changes may be made to the present invention without ware fuse reference voltage; and 

departing from the spirit and scope thereof. The scope of the the fuse circuit comprises a fuse reference voltage, the 
invention should therefore be determined not with reference 65 fuse is coupled to die fuse reference voltage in the first 
to the above description but with reference to the appended fuse state and decoupled from thc fuse reference volt- 
claims along with their full scope of equivalents. age in the second fuse state. 
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10. The software programmable fuse oell of claim 9 
wherein the fuse reference and software fuse reference 
voltages comprise ground. 

It. The software programmable fuse cell of claim 10 
wherein the initialisation reference voltage comprises 5 
ground. 

12. The software programmable fuse cell of claim 2 
further comprises output stage coupled between the latch 
and the Fuse oell output terminal to stabilize the fuse output 
signal. io 

13. The software programmable fuse cell of claim 2 
wherein input terminals comprise first, second, third, arid 
fourth input terminals for receiving first, second, third and 
fourth input signals. 

14. The software programmable fuse cell of claim 1 is 
wherein: 

the software programmable fuse circuit comprises a soft- 
ware fuse reference voltage; and 

the fuse circuit comprises a fuse reference voltage, the 
fuse is coupled to the fuse reference vulture iu the first 7-0 
fuse state and decoupled from the fuse reference volt- 
age in the second fuse state. 

15. The software programmable fuse cell of claim 14 
wherein the fuse reference aiul software fuse reference 
voltages comprise ground. 25 

16. The software programmable fuse cell of claim 1 
further comprises output stage coupled between the latch 
and the fuse cell output terminal to stabilize the fuse uutput 
signal. 

17. The software programmable fit so cell of claim 1 30 
Wherein input terminals comprise first, second, third, aod 
fourth input terminals for receiving first, second, third and 
fourth input siguals. 

18. The software programmable fuse celt of any one of 
claims 2-13 wherein: 35 

in the iniriaHwtion mode, the control circuit couples the 
initfatisrah'ou circuit to the latch and decouples the fuse 
iind software programmable fuse circuit form the latch; 

in the first mode, the control circuit couples the fuse 4Q 
circuit to the latch and decouples iho initialization and 

software fuse circuits from the latch; and 
in the second mode, to simulate the first fuse state, the 
initialisation circuit i& decoupled from the latch and the 
software programmable fuse circuit is coupled to the 45 
latch* and to simulate the second fuse state, the fuse and 
software programmable fuse circuits arc decoupled 
from the latch and the initialization circuit is coupled to 
the latch. 



344 B2 

8 

19. The software programmable fuse cell of claim 18 
wherein the control circuit comprises first, second and third 
switches, tbe first switch selectively coupling the initializa- 
tion circuit to the latch, the second switch selectively cou- 
pling the fuse circuit to the latch, and the third switch 
selectively coupling the software programmable fuse circuit 
to the latch. 

20. Che software prograrnrnablc fuse Cell of claim 19 
wherein tbe control circuit further comprises: 

ail initialization control block having an output terminal 
coupled to the first switch to control the first switch; 
a fuse control block having an output terminal coupled to 

the second switch to control the second switch; and 
a software fuse control block having an output terminal 
coupled to the third switch to control the third switch. 

21. A software programmable fuse celt comprising: 
fuse cell input terminals for receiving fuse input control 

signals; 
a cell fuse output terminal; 

a control circuit coupled to the input terminals, the control 
circuit includes an initialization circuit; 

a fuse circuit coupled to the control circuit, the fuse circuit 
comprises a fuse having a first or a second fuse state; 

a software programmable fuse circuit coupled to the 
control circuit; 

a latch OOUpled to the fuse output terminal and the control 
circuit, the latch having a first or a second latch state 
causing the fuse output signal at the fuse cell output 
terminal to have a first or second output stare, the first 
or second output state indicative of the fuse having 
either ihe first or second fuse slate; and 

in response to the input signals at the input terminals, the 
control circuit causes the fuse cell to be in an 

initialization, first or second mode of the fuse cell 

operation, wherein 

in the initialisation mode, the control circuit couples 
the initialization circuit to the latch to initialize the 
latch to the first latch state, 

in the first mode, the control circuit couples the fuse 
circuit to the latch, causing the latch to be in one of 
the first or second tatcb state depending on the fuse 
state; and 

in the second mode, the control circuit and the software 
programmable fuse circuit cause the latch to be in the 

first Or second state depending oa the input signals. 
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